Inhalation injury complicated by bacterial pneumonia is now one of the
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primary causes of morbidity and mortality in patients with thermal injury. We E LE C CT E have investigated the use of high-frequency percussive ventilation (HFPV) as a NO 0 9 means of ventilatory support for these patients. We propose that high-
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frequency ventilation may decrease the incidence of pulmonary infection following inhalation injury and decrease the incidence of iatrogenic barotrauma caused by conventional ventilation.
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High-frequency ventilation was instituted initially as salvage therapy in a group of five patients. In each case, normocapnia or arterial P 0 2 saturation of greater than 90% on a FIO 2 of 60% or less was achieved with high-frequency ventilation but not with conventional ventilation. A second group of ten patients was prospectively entered into a study on the use of HFPV in patients with inhalation injury. One patient was removed from the study, and one patient was unable to be ventilated because of severely noncompliant lungs.
Eight patients with a mean age of 29 years and a mean burn size of 38% of the total body surface completed the protocol. All patients survived, two developed DISTPA .l JN STATEMENT A pneumonia, and one developed subcutaneous emphysema. These results suggest that HFPV is effective in the treatment of patients with severe inhalation
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Inhalation injury frequently accompanies thermal in-having several potential advantages over conventional jury and increases the mortality of burned patients. mechanical ventilation, remains undefined in burned Bacterial pneumonia, a common sequel of inhalation patients. The ability to ventilate and oxygenate patients injury, is now the primary cause of morbidity and mor-at lower peak and mean airway pressures should result tality in patier~s with such injury (14). Inhalation injury in less airway and parenchymal barotrauma. Additioncomplicated by pneumonia increases burn-associated ally, the ability to adequately oxygenate patients at lower mortality up to a maximur 60% in relation to age and levels of inspired oxygen may decrease the morbidity extent of burn (18). associated with a higher F10 2 . Last, limited clinical exCurrent treatment for patients with severe inhalation perience with high-frequency ventilation in patients with injury involves supportive -are with conventional vol-inhalation injury has shown that the clearance of secreume-cyclrl, positive pressure ventilators, supplemental tions from the tracheobronchial tree is dramatically inoxygen, and standard methods of tracheobronchial toilet. creased (20). Systemic antimicrobial treatment is dictated by the reTo date, we have found no study that has specifically sults of sputum microbiology and is administered to addressed the role of high-frequency ventilation in papatients who develop pneumonia. To date, no treatment tients with inhalation injury. This paper describes our modality including steroids and prophylactic antibiotics initial experience in the use of HFPV in 15 patients with has altered the mortality of severe inhalation injury (13, moderate to severe inhalation injury. 21).
High-frequency ventilation has been shown to be ef-METHODS fective in several clinical and laboratory trials (1-3, 6-8, 17 group are listed in Table I . Each patient upon entry into the study met standard criteria for the need of mechanical ventilation (Table II) programmed to allow return of airway pressure to baseline CPAP. The ratio of the duration of the percussive phase to the * Conventional/HFPV. Each data set represents the best obtainable duration of baseline CPAP is adjusted as a means of manipu-ventilator settings and blood gas levels for each patient. lating oxygenation and CO 2 elimination. Additionally, peak airway pressure can be adjusted to maintain adequate CO 2 elimination. The frequency of the subdeadspace breaths was maintained between 200 and 600 breaths per minute. FI0 2 and PEEP were adjusted to maintain an 02 saturation greater than patient had demonstrated either progressive hypoxemia 90%. or C02 retention, unresponsive to alterations in F10 2 , In Group I each patient's peak airway pressure, F10 2 , PEEP, PEEP, I:E ratio, and minute ventilation. Each patient pC0 2 , and PO2 were compared before and after the initiation underwent multiple manipulations of mechanical ventiof high-frequency ventilation. In Group II the incidence of latory support dependent upon whether hypoxemia or clinically significant barotrauma, the incidence of pneumonia, 002 retention was present. Attempts to improve oxygenand ultimate outcome were recorded.
ation included increased levels of PEEP (up to 25 cm RESULTS H 2 0), inversed I:E ratios, and increases in FI0 2 . Attempts to improve C02 clearance included increases in Group I. Five patients were treated with HFPV as respiratory rate up to 40 breaths/minute, alterations in salvage therapy. The patient characteristics are listed in peak flow, and increases in tidal volume (up to 15-18 Table III . Blood gas data just before and after 6 hours of ml/kg). Despite considerable blood gas improvement fol-HFPV are shown in Table IV The major characteristics of high-frequency ventilapatient. Two patients developed pneumonia. All patients tion include a ventilatory frequency greater than 60 survived, breaths per minute, tidal volumes of less than dead space, lower peak airway pressures than conventional ventila-DISCUSSION tion, positive endotracheal pressures throughout the venWhen inhalation injury accompanies cutaneous burns, tilatory cycle, lower transpulmonary pressures than in mortality is disproportionately higher than that pre-conventional ventilation, increased FRC, possible less dicted by the extent of cutaneous injury alone (5). This circulatory interference than with conventional ventilasynergistic effect is most apparent in patients with burns, tion, and more efficient pulmonary gas distribution thp" associated with a 40-60% mortality. Inhalation injury with conventional ventilation (8). These characteristics alone results in a maximum 20% increase in mortality, of HFV should make it the ideal form of ventilatory The incidence of bacterial pneumonia is greatly increased support for patients with significant inhalation injury by the presence of inhalation injury, with 38% of patients but it should be noted that each of these reported advanwith an inhalation injury developing pneumonia com-tages has been refuted in various reports (9, 10, 12). pared to 8.8% of burned patients without inhalation
The safety of high-frequency ventilation has been docinjury. When inhalation injury was moderate to severe umented in several reports. Its use in postoperative gen-(i.e., diagnosed by bronchoscopy), 48% developed pneu-eral surgery and cardiac surgery patients has demonmonia. The addition of pneumonia to inhalation injury strated no untoward hemodynamic effects (17) . Peak results in a maximum 60% increase in mortality for this airway pressures and mean airway pressures are reduced group of patients (18) . and several studies have demonstrated decreased pulThe pathophysiology of inhalation injury is complex monary shunt flow with the use of this type of ventilatory and not fully understood. Extensive tracheobronchial support. Two recent reports have documented the effecinjury may result in sloughing of the respiratory tract tiveness of short-term salvage use of high-frequency venmucosa and impairment of the normal mucociliary clear-tilation in patieuts with ARDS (7, 8). Oxygenation was ance mechanism. Slough of the mucosa results in cast improved and adequate CO 2 clearance was maintained formation which obstructs moderate sized airways, lead-in each patient. ing to distal atelectasis, or a ball valve effect, leading to
In 1986, Carlon reported a series of 309 patients who distal air trapping and increased barotrauma. Disruption were randomized to high-frequency jet ventilation or of endothelial and epithelial integrity permits exudation conventional ventilation, respectively (4). Mortality from of protein-rich plasma into terminal airways which serve underlying disease was quite high in that study; however, as media for bacterial overgrowth and subsequent devel-the pulmonary dysfunction was not severe. Mean ventiopment of pneumonia. Injury to Type II pneumocytes lator time was 2.5 days. Peak airway pressures were lower impairs surfactant production and contributes substan-in the high-frequency group compared to the conventially to the pathologic process. The parenchymal tional ventilation group. There was a 4% incidence of changes are associated with hypoxemia and hypercarbia barotrauma in each group. Overall outcome did not differ due to the shift of the ventilation-perfusion relationship between the two groups. Standard high-frequency jet to the left (i.e., an increase in lung segments with V/Q ventilation at a rate of 100 breaths per minute and an ratios greater than 0 but less than 1). This change in V/ I:E ratio of 1:2 was used in each patient. The only Q has been adequately documented in animal models of manipulated variable was driving pressure. In an attempt inhalation injury (19) .
to standardize the ventilatory support for each patient, The goal of any new treatment regimen for inhalation the versatility of high-freauency jet ventilation was not injury should be the reversal of these pathophysiologic utilized (i.e., frequency and I:E ratios were not altered to changes. A second and equally important goal is that the obtain the best possible results). HFPV is an exceptionally versatile form of HFV in at the lowest possible peak inspiratory pressures and which high-frequency subtidal breaths are superimposed PEEP values. In this small group of severely ill patients, upon conventional ventilation (Fig. 1) . This ventilator even though ventilation was improved, mcrtality from combines the entrainment mechanism of high-frequency multiple organ failure was not altered. At the time HFPV jet ventilation with the ability to manipulate airway was instituted in each patient as salvage therapy, at least pressure in a phasic manner.
two other systems besides pulmonary had already failed. In this study we have demonstrated the superiority of This ventilator is difficult to monitor and difficult to HFPV compared to conventional ventilation in main-use. However, with proper education of house staff and taining adequate CO 2 clearance and oxygenation in a respiratory therapists, its use is feasible. The results from critically ill group of burned patients with severe respi-the prospective use of high-frequency ventilation in the ratory insufficiency (Group I). For this group of patients, Group II patients are favorable. The degree of pulmonary recommendations of optimum ventilator settings cannot insult was moderate to severe in all patients as assessed be made. For both conventional and high-frequency ven-bronchoscopically. Using data collected from an historitilators, all ventilator settings were manipulated to cal cohort treated at this Institute between 1980 and achieve the best possible oxygenation and CO 2 clearance 1985, one would predict an approximate 40% mortality
